Background: The aim of this study was to explore whether early goal-directed therapy (EGDT) was associated with a lower mortality rate in comparison to usual care in patients with severe sepsis and septic shock. Methods: PubMed, EMBASE, Cochrane library and a Chinese database (SinoMed) were searched systematically to identify randomized controlled trials (RCTs) comparing standard EGDT with usual care in resuscitation of patients with severe sepsis and septic shock and the search time could date back to the publication of the study by Rivers in 2001. The study selection, data extraction and methodological evaluation were performed by two investigators independently. The primary outcome was all-cause mortality. The present meta-analysis had been registered in PROSPERO (CRD42015017667). Results: Our meta-analysis identified 6 studies and enrolling 4336 patients. There was no significant difference in mortality between the two groups, and the pooled odds ratio (OR) was 0.83 (95 % confident interval, CI, 0.64-1.08) with significant heterogeneity (p = 0.02, I 2 = 64 %). However, the pooled OR of 3 multicenter RCTs was 1.03 (95 % CI, 0.89-1.21) with no heterogeneity (p = 0.78, I 2 = 0 %). The effects of EGDT on length of stay in the emergency department and intensive care unit were uncertain, and there was no effect of EGDT on hospital length of stay. There were no differences of mechanical ventilation rate and renal replacement therapy rate between the two groups, and patients in the EGDT group were more admitted in ICU than patients in the control group. During the early 6-h intervention period, patients in the EGDT group received more intravenous fluids, had a higher vasopressor usage rate, higher dobutamine usage rate and higher blood transfusion rate, than patients in the control group. Finally, there was no difference in the incidence of adverse events between the two groups, and the pooled OR was 1.06 (95%CI 0.80-1.39) with moderate heterogeneity (I 2 = 62 %, p = 0.07).
Discussion: Our meta-analysis showed that the application of EGDT was not associated with lower mortality rate currently. However it does not mean that it is useless of EGDT in patients with sever sepsis and septic shock. On the contrary, there was no difference in mortality rate between the two groups may be due to the improvement of therapeutic strategies in these patients. And the results may be related to the different compliance rate of EGDT resuscitation bundle. Conclusions: The current evidence does not support the significant advantage of Early goal-directed therapy (EGDT) in the resuscitation of patients with severe sepsis and septic shock.
Background
Sepsis, especially severe sepsis and septic shock are associated with a high rate of death and complications. It has been reported that the annual incidence of severe sepsis and septic shock in the United States is up to 300 cases per 100,000 people [1] [2] [3] . Despite the advances in the therapy of severe sepsis and septic shock, the mortality of these patients remains high, ranging from 20 % to 50 % [4] [5] [6] . In 2001, a randomized, non-blinded, controlled trial conducted by Rivers reported that patients with severe sepsis and septic shock presenting to the emergency department had a lower mortality rate, if they received a specific 6 h resuscitation bundle of early-goal directed therapy (EGDT), and the absolute risk reduction was 16 % [7] . Therefore, EGDT was recommended by the 2004, 2008 and 2012 surviving sepsis campaigning (SSC) guidelines [8] [9] [10] . Meanwhile, several observational studies also found the survival benefit of standard EGDT or modified EGDT in comparison to usual care [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . However, the effect of EGDT was questioned in three multicenter randomized controlled trials, namely ProCESS, ARISE and ProMISe. The authors reported that EGDT did not reduce the mortality rate of patients with severe sepsis and septic shock as compared with usual care [6, 30, 31] . In a meta-analysis, Gu reported that EGDT significantly reduces the overall mortality of patients with sepsis. However, several limitations of this study should be noted: firstly, the newest studies of ARISE and ProMISe study were not included; secondly, the included studies in this meta-analysis were published between 1992 and 2014, during which time the standard care of sepsis as well as the definition of sepsis had changed a lot; Thirdly, this meta-analysis ignored the fact that the pooled results of China-centric studies were significantly different from the pooled results of America and Australia-centric studies; Finally, several studies included in this meta-analysis did not meet the inclusion criteria (one was not a RCT but a before-and-after study; one included patients with systemic inflammatory response syndrome not sepsis and one evaluated modified EGDT not standard EGDT) [32] . The objective of our study was to systematically evaluate the effect of EGDT on patients with severe sepsis and septic shock.
Methods
We had registered the present meta-analysis protocol in PROSPERO (http://www.crd.york.ac.uk/PROSPERO/; CRD42015017667). Our meta-analysis was conducted and reported based on The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [33] .
Data sources
The following databases: PubMed, EMBASE, the Cochrane library, and a Chinese database (SinoMed) were searched systematically to identify eligible studies, which were published since the publication of the study by Rivers in 2001 [7] . The search process of PubMed was showed in Additional file 1. Additionally, the bibliography of each relevant study was also examined to limit the potential publication bias. The last update search on 5 April 2015 and there was no language restriction.
Study selection and data extraction
Inclusion criteria (Patient, Intervention, Comparison, Outcome, Study design)
Patients
Patients with severe sepsis or septic shock were included. And the diagnosis of severe sepsis and septic shock was made according to appropriate guidelines [34, 35] .
Interventions

Standard EGDT
The standard EGDT was defined in the SSC guideline including the central venous pressure (CVP) should achieve 8 to 12 mmHg, mean arterial pressure (MAP) should achieve 65 to 90 mmHg, urine output should achieve 0.5 ml/kg/h or more, and central venous oxygen saturation (ScvO 2 ) should achieve 70 % or above within the first 6 h of interventions [8] .
Comparison
Usual care
The usual care was defined as conventional treatments which were at the discretion of the clinicians.
Outcomes
The primary endpoint was all-cause mortality. If several mortality rates were reported in one study, we preferred to use the primary one. The secondary endpoints included: the length of stay in emergency department (ED), intensive care unit (ICU) and hospital; mechanical ventilation rate, renal replacement therapy rate and ICU admission rate; the intravenous fluids volume, vasopressor use rate, dobutamine use rate, blood transfusion rate in the first 6 h, between 6 and 72 h and between 0 and 72 h; the incidence of adverse events.
Study design Randomized controlled trials (RCTs)
The complete processes of study selection and data extraction were conducted by two investigators independently. The study selection was performed in three phases. Firstly, two investigators independently screened the titles and abstracts of all search results, then removed apparently irrelevant studies, and imported those potentially eligible studies into the Endnote; Secondly, the duplicated studies were excluded; Thirdly, the remaining articles were read in full text. Meanwhile, the following data were extracted from each eligible study using a pre-defined data extraction sheet: the first author, year of publication, characteristics of patients in the intervention and control group, characteristics of resuscitation strategies in the intervention and control group, mortality rate at different follow-up time, other secondary outcome endpoints and items for quality evaluation. Any discrepancy was resolved by discussion with a third investigator.
Quality assessment
The methodological qualities of all included studies were assessed by two investigators independently using the Cochrane risk of bias tool. All eligible studies were judged to be "high", "unclear", or "low" risk of bias based on the following domains: random sequence generation; allocation concealment; blinding of patients and personnel; incomplete outcome data; selective outcome reporting; other bias. Any one or more of the above domains were considered to be at high risk of bias, and then the study would be judged to be at high risk of bias [36, 37] . Only when all key domains were considered to be at low risk of bias, would be the study judged to be at low risk of bias. In other cases, the risks of bias were judged to be unclear [36, 37] .
Data analysis
The primary endpoint was all-cause mortality. We prefer to use all-cause mortality which was the primary endpoint in individual study. The metrics of odds ratio (OR) and weighted mean difference (WMD) were used to analysis dichotomous variables and continuous variables separately. Heterogeneity between studies was assessed qualitatively using the Mantel-Haenszel chi-square test and quantitatively using the I 2 statistics [38, 39] . When P ≤ 0.1 or I 2 ≥ 50 %, there was significant heterogeneity between included studies, and random-effect model was used, otherwise the fixed-effect model was used [40] . The publication bias was evaluated using funnel plot and Egger's test [41] .
Post hoc subgroup analysis
ProCESS, ARISE and ProMISe are published recently and are consistent in study design [6, 30, 31] . Thus, we pooled the primary and secondary endpoints repeatedly based on the above three studies, when required data were available.
In actually, the results of a meta-analysis are the accumulation of results of all eligible studies. Therefore, it is vulnerable to random errors deriving from sparse data and repetitive testing of accumulated data [42] . In addition, enough sample size is necessary for a metaanalysis. Trial sequential analysis (TSA) is the best available approach to calculate the optimal required information size (meta-analysis sample size) for a metaanalysis [43] . TSA was performed in our meta-analysis based on the average baseline mortality rate of control group, a relative risk reduction of 20 [6, 30, 31] , 80 of power, and a type I error of 5 %. The random errors adjusted monitoring boundaries were constructed to determine whether new clinical trials were still required to confirm the present conclusion [43] [44] . Statistical analyses were performed on Revman 5.2.5, STATA (SERIAL NO. 40120519635) and TSA V.0.9 β (http://www.ctu.dk/tsa/).
Results
After excluding the reduplicative, non-relevant studies and other studies that did not meet our inclusion criteria, 6 studies comparing standard EGDT with usual care in patients with severe sepsis and septic shock were eligible [6, 7, 30, 31, 45, 46] . The flow chart of literature selection and corresponding exclusion reasons are summarized in Fig. 1 . Among the included studies, 2 studies from China [45, 46] , 2 studies from the USA [6, 7] , 1 study from Australia [30] , and 1 study from the UK [31] . A total of 2160 patients in the EGDT group and 2176 patients in the control group were included. Two studies included patients with severe sepsis and septic shock who stayed in the intensive care units (ICU) [45, 46] , and the remaining four studies included patients with severe sepsis and septic shock who presenting to the emergency department (ED) [6, 7, 30, 31] . All studies started EGDT for resuscitation within 6 h. The detailed characteristics of individual eligible study are listed in Table 1 . 
Methodological quality
Four included studies were rated as low risk of bias [6, 7, 30, 31] and the remaining studies were rated as unclear risk of bias due to the insufficiency of definitive describe of randomization and allocation concealment [45, 46] . The methodological qualities of all included studies are presented in Fig. 2 .
Primary outcome: mortality
The mortality of patients in the standard EGDT group was 24.2 (522/2160) and the mortality rate of patients in the usual care group was 25.7 % (559/2176) [6, 7, 30, 31, 45, 46] . The pooled results indicated that, there was no significant difference in overall mortality rate between study group and control group, and the pooled odds ratio was 0.83 (95 % confident interval, CI, 0.64-1.08) in the random-effect model, and 0.91 (95 % CI, 0.79-1.05) in the fixed effect model. However, there was significant heterogeneity between studies (p = 0.02, I 2 = 64 %) (Fig. 3) . What should be noted here was that the average mortality rate of the ProCESS, ARISE, and ProMISe studies [6, 30, 31] was significantly lower than other old studies (22.2 % vs 48 %) [7, 45, 46] . In a post hoc subgroup analysis of these three RCTs [6, 30, 31] , the efficacy of EGDT compared with usual care was 1.03 (95 % CI, 0.89-1.21) in the fixed effect model, with no heterogeneity (p = 0.78, I 2 = 0 %) (Fig. 3) . On the contrary, the pooled OR of the remaining old studies was 0.52 (95 % CI, 0.37-0.73) in the fixed effect model, with no heterogeneity (p = 1.0, I 2 = 0 %) (Fig. 3) . TSA was performed for all 6 studies and 3 homogeneous RCTs (ProCESS, ARISE, and ProMISe). In the former analysis, TSA showed that the diversity adjusted information size was 7536 and the cumulative Z-curve both did not surpassed the conventional boundary and trial sequential monitoring boundary for benefit or harm, as well as did not achieve the optimal information size which indicated the current results were not robust, and further clinical trials were required. However, the above results of TSA were gained based on 6 studies with significant heterogeneity (Fig. 4) . The TSA of 3 homogeneous RCTs showed the diversity adjusted information size was 2457 and the cumulative Z-curve did not surpassed the conventional boundary and the trial sequential monitoring boundary for benefit or harm, but achieved the optimal information size which indicated the current results were robust, namely there was no significant difference in mortality between the two groups (Fig. 5) .
Additionally, as mortality rates at different follow-up time-points were reported in each included study, we pooled these results separately and found there was also no significant difference in ICU-mortality (OR 0. The ED-LOS, ICU-LOS and hospital-LOS were reported as median and interquartile range in some studies, which might limit the quantitatively pool of results (Table 2) . ED-LOS was reported in the study by Yan [46] and the ARISE and ProMISe studies [30, 31] . In the ARISE study, the authors reported that EGDT was associated with shorter ED time, however, this effect of EGDT was not found in Yan's study and the ProMISe study [30] . ICU-LOS was reported in the ProCESS, ARISE and ProMISe studies [6, 30, 31] . And the pooled results showed that there was no effect of EGDT on ICU-LOS (MD 0.05, 95%CI −0.43 -0.53) with no significant heterogeneity (I 2 = 17 %, p = 0.3) (see Additional file 3). Hospital-LOS was reported in the study by Rivers and the ProCESS, ARISE and ProMISe studies [6, 7, 30, 31] . The pooled results showed there was also no effect of Secondary endpoint-2: mechanical ventilation rate, renal replacement therapy rate and ICU admission Four studies [6, 7, 30, 31] reported data on mechanical ventilation rate, and the pooled results showed that there was no difference in mechanical ventilation rate between the two groups (OR 1.00, 95%CI 0.87 -1.14) with moderate heterogeneity (I 2 = 63 %, p = 0.04) ( Table 3 , Additional file 5). After removing the study by Rivers [7] , the pooled OR was 1.04 (95%CI 0.91-1.20), with no significant heterogeneity (I 2 = 37 %, p = 0.2). Three studies [6, 30, 31] reported data on renal replacement therapy rate, and the pooled results showed that there was no difference in renal replacement therapy rate between the two groups (OR 1.04, 95%CI 0.84, 1.28) with no heterogeneity (I 2 = 0 %, p = 0.88) (see Additional file 6). Additionally, EGDT was associated with more ICU admissions, and the pooled OR was 2.21 (95%CI 1.83 -2.68), with no significant heterogeneity (P = 0.32; I 2 = 13 %) (see Additional file 7).
Secondary endpoint-3: intravenous fluids volume (ml), vasopressor use rate, dobutamine use rate and blood transfusion rate from 0 to 72 h The intravenous fluids volume was reported in five studies [6, 7, 30, 31, 45] (Table 4) . During the 6-h intervention period, patients in the EGDT group received a larger mean volume of intravenous fluids than did those in the control group (Table 3) . Between 6 and 72 h, the pooled results of the ProCESS, ARISE and ProMISe studies [6, 30, 31] showed that there was no significant difference in intravenous fluids volume between the two groups. Between 0 and 72 h, it was seemed that patients in the EGDT group received more intravenous fluids than those in the usual care group. However, the pooled results of the ProCESS and ProMISe studies [6, 31] showed that there was no statistical significance between the two groups (see Additional file 8).
The results of vasopressor use rates were showed in Table 4 . The pooled results showed that more patients in the EGDT group received vasopressor in the first 6 h (OR 1.38, 95%CI 1.19-1.60), with no significant heterogeneity (I 2 = 20 %, p = 0.29); From 6 to 72 h and 0 to 72 h, the pooled results showed that there was no significant difference in vasopressor use rate between the two groups, however, with significant heterogeneity (I 2 = 68 and I 2 = 78 %, separately). After removing the study by Rivers [7] , the pooled results showed that EGDT was associated with a higher vasopressor use rate (0-6 h: OR The results of dobutamine usage rate were also showed in Table 4 . The pooled results showed that EGDT was associated with a higher dobutamine usage rate (0-6 h: OR 6.68, 95%CI 4.91 -9.10; 6-72 h: OR 2.41 95%CI 1.88-3.09; 0-72 h: OR 3.40 95%CI 2.54-4.54), with no significant heterogeneity (I 2 = 0 %, p = 0.55; I 2 = 3 %, p = 0.38; I 2 = 30 %, p = 0.24, separately). After removing the study by Rivers [7] , the pooled results did not change a lot (0-6 h: OR 6.43, 95%CI 4.70 -8.80; 6-72 h: OR 2.47 95%CI 1.91 -3.21; 0-72 h: OR Table 4 showed the results of transfusion rate. The pooled results showed that patients in the EGDT group received more blood transfusion than those in the control group in the first 6 h and between 0 and 72 h (OR 2.91, 95%CI 1.72 -4.91; OR 1.75, 95%CI 1.21-2.54, separately), with significant heterogeneity (I 2 = 81 %, p = 0.001; I 2 = 65 %, p = 0.06). However, the above effect of EGDT was not found between 6 and 72 h (OR 0.87, 95%CI 0.51-1.46) with significant heterogeneity (I 2 = 86 %, p = 0.0001). After removing the study by Rivers [7] , the pooled results did not change a lot (0-6 h: OR 2. 
Secondary endpoint-4: adverse events
The incidences of adverse events were reported in 3 studies [6, 30, 31] . The pooled results showed that there were no effects of EGDT on the incidence of adverse events (OR 1.06, 95%CI 0.80 -1.39) with moderate heterogeneity (I 2 = 62 %, p = 0.07) (see Additional file 12).
Discussion
Six studies were identified from 2001 to 2015 enrolling a total of 4336 patients [6, 7, 30, 31, 45, 46] . The present meta-analysis showed that there was no difference in mortality rate of patients between the EGDT group and the usual care group. Furthermore, the results of TSA Fig. 4 Trial sequential analysis of all-cause mortality in patients with severe sepsis and septic shock. Trial sequential analyses assessing the effect of early goal-direced therapy on all-cause mortality in 6 studies. The diversity-adjusted required information size was based on a relative risk reduction of 20; an alpha of 5; a beta of 2 and an event proportion of 25.7 % in the control arm. The blue cumulative z curve was constructed using a random effects model indicated that the present conclusion was robust, and no further studies were required. Although our results showed that the application of EGDT could not reduce the mortality rate of patients with severe sepsis and septic shock, one of the most plausible explanations for the decline in mortality trends in recent years was the practice of EGDT [47, 48] . The following reasons may explain these inconsistencies. Due to the appealing results of the study by Rivers, EGDT gets the recommendation of the SSC guideline, and has been regarded as the standard of care in patients with severe sepsis and septic shock in many hospitals in developed areas [7] . As in the ARISE study [30] , There was no significant difference in the mean intravenous fluid volume that had been infused prior to randomization, 61.9 % of patients in the usual-care group received central venous catheter insertion and the time of initial use of intravenous antimicrobial was similar between the two groups. Similar situation was also present in the ProCESS study [6] and ProMISe study [31] . That is, the essence of EGDT (early identification and diagnosis of sepsis, early fluid resuscitation and early infection control) has been penetrated into the standard of care in patients with severe sepsis and septic shock, that is why the mortality rates of patients in the ProCESS, ARISE and ProMISe [6, 30, 31] studies were significantly lower than those in the study by Rivers [7] . Here, it should be noted that the newest 3 RCTs were conducted in developed areas (one in America [6] , one in Australia [30] and one in the UK [31] ). In the study by Zhu [49] , the Fig. 5 Trial sequential analysis of all-cause mortality in patients with severe sepsis and septic shock of ProCESS, ARISE and ProMISe. Trial sequential analyses assessing the effect of early goal-direced therapy on all-cause mortality in 3 multicenter harmonious studies. The diversity-adjusted required information size was based on a relative risk reduction of 20; an alpha of 5; a beta of 2 and an event proportion of 22.2 %in the control arm. The blue cumulative z curve was constructed using a random effects model authors examined the compliance of the SSC resuscitation bundle in patients presenting to the emergency department with severe sepsis and septic shock in a university affiliated hospital in China. The results showed all elements of the bundle were completed in only 1.04 % of patients, and this number was significantly lower than that in the developed areas [50] . Another study also pointed out that the rate of compliance with resuscitation bundle in Asia was significantly lower than that in the Europe and America [51, 52] . In general, factors hindering clinicians from adhering to clinical practice guidelines include knowledge, attitude and behavior. Firstly, the imperfect understanding of the definition of severe sepsis and septic shock limits the early diagnosis of these serious conditions [49] . Secondly, insufficient training of sepsis resuscitation bundle further limits the practice of the EGDT [50, 52] . Thirdly, as the doctor-patient contradiction is aggravating gradually especially in China, more and more severe sepsis patients are hospitalized directly, instead of receiving standard resuscitation following the SSC guideline in the emergency department [53] . Fourthly, the practice of EGDT is resource-intensive. Given the insufficient number of medical staffs and disproportionate emergency visits, the application of EGDT would significantly prolong the stay in the emergency department. Meanwhile, other patients could not receive timely and effective treatment [53, 54] . Finally, in some low and middle income nations, blood [49, 52] . Therefore, the results of the 3 newest RCTs [6, 30, 31] do not indicate that there is no effect of EGDT on mortality rate in patients with severe sepsis and septic shock. Instead, their findings suggest the EGDT has been regarded as the standard of care in these patients particularly in developed areas. And further studies evaluating EGDT versus usual care in patients with severe sepsis and septic shock in low or moderate countries may be required. In recent year, several meta-analysis reported that EGDT was associated with lower risk of mortality in patients with severe sepsis and septic shock [32, [55] [56] [57] . However, the rates of compliance with the SSC guideline were low in these meta-analysis, indicating that the drop in mortality is partially due to other factors. Additionally, EGDT is more capable in correcting cryptogenic shock by continuous monitoring of ScvO 2 . However, its effectiveness has been a topic of much debate and many other indicators which are more cost-effective has been proposed, including lactate concentration, base deficit, and pH [58] . In a recent study, the authors concluded that fluid resuscitation therapy under the guidance of lactate concentration rate was feasible and reliable in patients with severe sepsis and septic shock [59] . Furthermore, it has been reported that early lactate-guided therapy was associated with lower mortality rate in patients with severe sepsis and septic shock [60] . In addition, the effectiveness of CVP was also questioned in a retrospective study [61] . Excessive medical treatment is associated with unfavorable outcomes [62] . Therefore, the concept of "one size fits all" is not appropriate for a complex disease state like severe sepsis or septic shock, and the new concept of "individualized goal-directed hemodynamic therapy" has been proposed [63] .
Strengths and limitations
To our best knowledge, the present meta-analysis was the first to systematically evaluating the standard EGDT versus usual care in patients with severe sepsis and septic shock with TSA. Three multicenter RCTs (ProCESS, ARISE and ProMISe) were included [6, 30, 31] . Our search strategy was broad and irrespective of language. The study selection, data extraction and methodological evaluation were rigorously performed by two investigators independently. Another advantage of our meta-analysis was TSA. The last but not least was that we prospectively registered our study protocol with PROSPERO (International prospective register of systematic reviews; CRD42015017667).
However, several limitations of our meta-analysis should be mentioned. Firstly, some studies evaluating modified EGDT were not included. Secondly, the organizational structures of EDs or ICUs, demographic characteristics of sepsis patients, and the definitions of usual cares may be different in different areas. Thirdly, SOFA-score which was a secondary endpoint in our registered protocol was replaced by length of stay in emergency department, mechanical ventilation rate, renal replacement therapy rate and the incidence of adverse events in the present meta-analysis. Finally, the number of included studies was too small to perform publication bias examination; therefore our results may be influenced by the publication bias.
